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Abstract 
The fungal endophytes reside in living plant tissues often in an asymptomatic host-fungus interaction. 
Recently, a variety of endophytic fungi have been documented as producers of plant material degrading 
exoenzymes. The secreted enzymes are useful in the invading and colonization processes and help the 
fungus to obtain monomer sugars as nutrients from the environment. These hydrolases and/or the producing 
microorganisms can be utilized for biotechnological applications. Despite the high-yield hydrolase producing 
potential, the endophytic fungi are little explored in this regard. 
Key Words: endophytic fungi; exoenzyme activities; hydrolases; screening 
 
 
Introduction 
 
Fungal endophytes are a very important and diverse group of microorganisms. They can be found 
in different part of plants such as bark, leaves and root (Somjaipeng et al., 2015; Kaul et al., 2012). 
Healthy plant tissues are colonized by endophytic fungi without causing any overt symptoms in or 
apparent injury to the host. In many cases, this relationship could be beneficial to the host as well 
(Kaul et al., 2012; Pimentel et al., 2011; Staniek et al., 2008; Kusari and Spiteller, 2012; Ibrahim et 
al., 2018). Several representatives of endophytic fungi are known as good producers of bioactive 
substances, including medicinal products, which can be useful in treatment of various diseases 
and microbial infections (Pimentel et al., 2011; Kusari et al., 2012; Katoch et al., 2014). 
Furthermore, the fungal endophytes produce plant degrading exoenzymes, e.g., cellulases, 
pectinases, amylases and xylanases, that help them to invade and colonize the host plant tissue 
and to obtain nutrients from their environment. From practical point of view, these enzyme activities 
can be utilized in various biotechnological applications, such as in the food, pharmaceutical and 
biofuel production industries (Silvério et al., 2018; Almeida et al., 2011). For instance, the 
cellulolytic and xylanolytic cocktails obtained from these organisms could be very important 
supports in the complete saccharification of lignocellulosic materials to fermentable sugars. 
Although there are many reports on the production of industrial enzymes from different microbial 
sources, less attention has been paid on the fungal endophytes in this regard. 
In the present study, we aimed to evaluate the exoenzyme production of fifteen fungal endophytes, 
i.e. Neofusicoccum (1), Mucor (5), Aspergillus (1), Sordaria (1), Fusarium (2), Phoma (1), 
Penicillium (2) and Trichoderma (2) isolates obtained from Taxus baccata samples, and deposited 
in the Szeged Microbiological Collection (SZMC) prior to this research (Volford, 2016). The study 
included the investigation of their cellulase, xylanase, amylase, lipase and beta-galactosidase 
activities using conventional plate screening assays. 
 
 
Materials and methods 
 
Beta-galactosidase activity detection 
An X-gal-based simple and rapid method was used to screen the beta-galactosidase production in 
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Petri-dishes. The applied medium contained the following components (% w/v): malt extract (2), 
lactose (2), peptone (0.1), agar (2), and X-gal (20 mg/ml in dimethyl-sulfoxide). A volume of 20 μl 
of spore suspension (1 x 106 spore/ml) was added to each agar plates and the cultures were 
incubated for ten days at optimal growth temperature of fungi. Growth and enzyme production of 
fungi were detected visually every day. Isolates with beta-galactosidase activity provided deep blue 
colored plates (Silvério et al., 2018). 
 
Amylase activity detection 
 
We used a conventional starch agar protocol to test the selected endophytes for amylase 
production. In this screening procedure, a volume of 20 μl spore suspension (1 x 106 spore/ml) was 
pipetted to the middle of Petri-dishes contained the following medium (% w/v): soluble starch (10), 
yeast extract (5), and agar (3). The plates were kept at optimal temperature for growth for three 
days. The growth was checked daily and after the three-days incubation period, the enzyme 
production was visualized by adding potassium iodide solution (1 ml/l). 
 
Cellulolytic activity detection 
 
Cellulolytic activity of the selected endophytes was screened through the hydrolysis of 
carboxymethyl cellulose (CMC). The medium used for this analysis contained (% w/v): CMC (4), 
mannitol (1), KH2PO4 (0.5), NaNO3 (0.2), MgSO4 (0.1), agar (1.7) and digitonin (5 μg/ml). As in the 
previously described procedures, a drop of 20 μl spore suspension (1 x 106 spore/ml) was pipetted 
onto the surface of the agar plates which were incubated for three days before evaluation. Enzyme 
production was detected by staining the plates with Congo red solution (1 mg/ml) for one hour (10 
ml/Petri plates). 
 
Xylanase activity detection 
 
Xylanase activity screening tests were performed with xylan supplemented medium. The solid 
medium (mannitol, 1%; KH2PO4, 0.5%; NaNO3, 0.2%; MgSO4, 0.1%; agar 1.7; digitonin 5 μg/ml; 
xylan, 4%) was prepared in Petri-dishes and inoculated with spore suspensions as described 
above. These were incubated for three days at temperatures appropriate for the growth of the 
tested fungus. Similar to CMC hydrolysis assay, enzyme production was detected with Congo red 
solution (10 ml/Petri plates from 1 mg/ml solution). After one-hour incubation with the dye, a clear 
activity zone was formed around the fungi that possess high enzyme activity. 
 
Lipase activity detection 
 
For lipase activity screening, we used the following medium (% w/v): yeast extract (0.6), peptone 
(1) and agar (1). After sterilization and cooling, 0.5% tributyrin was added to the medium, then, it 
was shaken intensively and poured into the Petri-dishes. After inoculation, the cultures were grown 
for three days, and the activity was evaluated from the size of the clearing zone around the 
colonies.  
 
 
Results and discussion 
 
Beta-galactosidase production 
 
The most promising beta-galactosidase producers were the Trichoderma harzianum SZMC 24022 
and the Penicillium chrysogenum SZMC 24018 isolates (Table 1). Furthermore, Fusarium sp. 
SZMC 24800, Neofusicoccum parvum SZMC 24782 and Sordaria sp. SZMC 24777 can also be 
potential producers of beta-galactosidase. There was no detectable activity in case of the Mucor 
sp. SZMC 24852, SZMC 24853, SZMC 24873, SZMC 24875 and SZMC 24916, Aspergillus sp. 
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SZMC 24801, Fusarium lateritium SZMC 24783, Phoma fungicola SZMC 24779 and Penicillium 
hordei SZMC 24799 isolates. 
 
Table 1. Beta-galactosidase activity of the tested fungal endophytes. The intensity of the blue color 
(0-5 index) is proportional with the enzyme activity. 
Fungal strains 
SZMC
codesa 
0th 
day 
2nd 
day 
4th 
day 
6th 
day 
8th 
day 
10th 
day 
Neofusicoccum 
parvum 
SZMC
24782 
0b 0 0 5 5 5 
Sordaria sp. 
SZMC
24777 
0 0 0 3 4 5 
Fusarium sp. 
SZMC
24800 
0 0 0 4 5 5 
Penicillium 
chrysogenum 
SZMC
24018 
0 1 2 5 5 5 
Trichoderma 
atroviride 
SZMC
23992 
0 0 0 2 4 5 
Trichoderma 
harzianum 
SZMC 
24022 
0 1 2 5 5 5 
a
 SZMC: Szeged Microbiology Collection 
b
 0: no color; 1: light blue; 2: darker blue; 3: blue; 4: dark blue; 5: deep dark blue 
 
Amylase production 
 
After evaulating the results of the amylase activity test, four strains, i.e. the Fusarium sp. SZMC 
24800, N. parvum SZMC 24782, T. atroviride SZMC 23992 and T. harzianum SZMC 24022 were 
found as the best producers (Figure 1). 
 
 
Figure 1. Detection of amylase activity on starch agar. 
 
Cellulolytic enzymes production 
 
Cellulase activity of the fungal endophytes was monitored on medium containing CMC. In these 
test, five fungal strains were selected as good cellulase producers. Fusarium lateritium SZMC 
24783, Sordaria sp. SZMC 24777, Penicillium hordei SZMC 24799 and Mucor sp. SZMC 24852, 
SZMC 24916 strains exhibited the highest CMC hydrolyzing activity (Figure 2). 
 
Xylanase activity 
 
In xylanase production tests, only few isolates showed noticeable enzyme activity. The overall 
xylanase producing ability of the tested strains was low as compared to the other enzymes studied. 
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Under the applied growth condition, the Mucor sp. SZMC 24852 strain proved to be the best 
xylanase producer fungal strain (Figure 3). 
 
 
Figure 2. Detection of cellulolytic activity of the tested fungal endophytes on CMC agar. Light gray 
column: diameter of the fungal colony; Dark gray column: diameter of the activity zone. 
 
 
Figure 3. Detection of xylanase activity of the tested fungal endophytes on xylan containing 
medium. Light gray column: diameter of the fungal colony; Dark gray column: diameter of the 
activity zone. 
 
Lipase activity 
 
Concerning lipase production, many fungal strains showed extracellular lipolytic activity towards 
tributyrin. Under the screening condition applied, the Mucor sp. SZMC 24852, SZMC 24853, SZMC 
24873 and SZMC 24875, Aspergillus sp. SZMC 24801, T. harzianum SZMC 24022, Ph. fungicola 
SZMC 24779, and Sordaria sp. SZMC 24777 isolates demonstrated the highest lipase activity 
(Table 2). 
 
 
 
 
 
 
 
 
 
 
 
0
1
2
3
4
5
D
ia
m
e
te
r 
o
f 
c
o
lo
n
y
/a
c
ti
v
it
y
 z
o
n
e
 
(c
m
) 
0
1
2
3
4
5
6
D
ia
m
e
te
r 
o
f 
c
o
lo
n
y
/a
c
ti
v
it
y
 z
o
n
e
 
(c
m
) 
21st DKMT Euroregional Conference on Environment and Health 
University of Novi Sad, Faculty of Technology Novi Sad, 
Novi Sad, Serbia, 06-08 June 2019 
 
178 
 
Table 2. Lipolytic activity of the isolated fungal endophytes. 
Fungal strains SZMC codes Activity No activity 
Neofusicoccum parvum SZMC 24782 - X 
Mucor sp. SZMC 24875 X - 
Aspergillus sp. SZMC 24801 X - 
Mucor sp. SZMC 24853 X - 
Sordaria sp. SZMC 24777 X - 
Mucor sp. SZMC 24852 X - 
Fusarium lateritium SZMC 24783 - X 
Fusarium sp. SZMC 24800 - X 
Phoma fungicola SZMC 24779 X - 
Mucor sp. SZMC 24916 - X 
Penicillium chrysogenum SZMC 24018 - X 
Trichoderma atroviride SZMC 23992 - X 
Penicillium hordei SZMC 24799 - X 
Mucor sp. SZMC 24873 X - 
Trichoderma harzianum SZMC 24022 X - 
X: activity 
- : no activity 
 
 
Conclusion 
 
In this study, extracellular hydrolase activities of fungal endophyte isolates obtained from T. 
baccata were investigated using conventional agar plate methods. After the incubation and 
appropriate staining, results revealed a high variability in the enzyme production of the tested 
strains. Majority of the isolates exhibited considerable amylase and cellulase activities. 
Remarkable beta-galactosidase activity has been identified for Trichoderma sp., N. parvum, 
Fusarium sp., Sordaria sp. and P. chrysogenum isolates. The best producers with a wide range of 
enzyme activities were Sordaria sp., T. harzianum, Mucor sp. and Aspergillus sp. isolates. These 
fungi and the produced enzymes seem to be potential candidates for future industrial applications. 
In conclusion, the results presented here would be a good basis for the selection of novel 
exoenzyme producer strains. These could support further basic and applied research. However, 
additional liquid and solid-state fermentation studies are needed to optimize the conditions of the 
high-yield production. 
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